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l.Introduction.

This report is a suggestion to a new exploration project in
Nord-@sterdalen, informally called the Nord-¢sterdalen project
1690. The report is a result of work done by Folldal Verk A/S,
but consultating prof. Arne Bjerlykke at the University of Oslo.

The area which 1g of interest extends from Os in the north
to Alvdal 1in the south and 1s limited to the volcanic Hersje
Group (fig.1’. This unit extenda from Mer&ker in the north te
Folldal in the smouth (under different names however).

Massive Z2n-Cu sulfide deposits are found throughout this
unit, ineluding the large Killingdal and Folldal deposits. The
auggested project are concentrated to a smaller, not very well
investigated area, to try to find new deposits of this kind.

The project will be a continuation of the Folldal Project
{project N-81-1) which covered a laryger region, but which also
included the suggested area.

This report is made from a new study of the data collected
in connection with the Folldal Project. The data includes
regional gecphysics and from this ground geophysics,
geochemistry, mapping and drilling have been done in selected
arsas.

From these data more work are recommended on a few old
targets. A few new targets have also been found from the regional
geophysica, in connection with stream sediments taken in the late
1960 s,

2.5election of targets.

The Hersje Group volcanics have been created in an island
arc and back-arc basin environment. This explains the very high
amount aof felsic volcanics and both felsie and mafic tuffites
whieh is floaund. In such environment sulfide deposits are often
connected to felaic volcanica (e.g. Kuroko deposits in Japan).
Because of the high viscesity, these rocks will not flow a leng
way from their vent and they will therefore make up domes.
Between the domes there will be low areas, at some places basins.
These areas will be filled with Ltuffites and in deeper parts also
sediments which may be graphitic.

Regional geophysics in the Oa-Alvdal area (magnetics, EM,
VLF) are showing long formational conductors. Mapping shows these
conductoras to be related to graphite. Where these conductors
atopa, an area of magnetic low and high resistivity is often
found. This 1ia often found by fieldwork ta be felasic volcanics
or intrusives and may correspond to a volcanic center, especially
if the felsic rocks makes up a thick unit (1.e. dome structure’.
Eventual short conductors within this area may be caused by
sulfides. To summarize; targets to follow up have been selected
from the following criteria:



Regional Geology.

a’) Thickness of volcanics, preferably felsic.

b’ Trondhjemitic intrusions in the area. Several of the
known mineralizations have asscociated such intrusions,
even though their relationship to the sulfides and/or
volcanica are uncertain.

Regional Geophysics.

a) Brealk in long formational conductars.
b’ High resistivity.

2) Low magnetics.

These factors combined with positive geochemistry (stream
sedimenta! makes a target to folleow up.

3. Results.

The ahove described working model picks up several
interesting targets, of which some have been worked on before.
Unfortunately, the method does not work on distal mineralizations
like the Sivilvangen and Vingelen deposits.

The philosophy behind the study of the ground data from the
Folldal Project this time, has been to connect geclogy, wallrock
alteration and mineralizations in the different areas to try to
find posszgible extent of mineralizations and mode of deposition.
Thia ia a different point of view than used under the Folldal
project when moat weight were laid upon geophysics, combined with
geochemistry.

This work delimit the targets (irst found from the airborne
survey: Mineralizations in some of the old grids are clearly
related to graphite zones.

Figure 1 shows the targets which have been found from the
airborne survey and are left over after study of the ground data.
Thoae which have been worked on in connection with the Folldal
Projec! are marked by a grid, while the new ones are circled in.
Table 1 shows the priority of the targets with respect to further
work, what is known about them and suggestion of further work.
The new targets have bheen given lowest priority, because of
shortage of time. Even though, mapping is recommended in these
areaa, to try to find if it should be favourable rocks or even
mineralizationa,

The mineralization at Sivilvangen mine.

The Sivilvangen (or Auma’) mine 12 found near 0 NS, O EW on
the Sivildalen grid (N-81-1 project!, see fig.Z2.

Earlier work.

The mine consists only of two sinks, the deepest worked to
about 50 m vertical depth. This work was done around 1920 after
investigations involving digging and diamonddrilling (8 holes).
The drilling showed the mineralized zone to be about 400m alang
atrike and depth at least to 160 m. The average thickness waa
found to be about 1 m (0.15-2.0 m’. This gave a minimum of
220000 t ore assaying 1.7 % Cu and 28 %X 5§ (Zn was not analyzed).
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TABLE 1.

l.Target: Sivilvangen mine

Description: Sivildalen grid (ca.ONS,0EW). Earlier work by
Orkla A/5: EM,mag,VLF,CP,drilling. Very rich 2Zn-Cu impr
over an average of 1.4 m thickness to at least 150 m
depth (Cu 1%, Zn 3.5%).

Suggested work: Drilling. 3-6 holes = 450-1300 m,

l1.Target: Svartasen.

Degcription: Sivildalen grid (3000-6000N,0-800E). Earlier
work: EM,VLF,Apex,maqg,soilsampling,drilling,mapping.
Massive zulfides (Zn-Cu rich) in prospects, extensive
alteration, very positive geochem.

Suggested work: Mapping,IP? feollowed by drilling.

3 holes = 250 m.

| .Target: South of Svartasen.

Description: Sivildalen grid (ca.2800N,Q0EW)>. Earlier work:
as at Svartasen. Possible feederzone,Cu-rich min.
Extensive alteration.

Suggested work: Mapping and drilling.l hole = 190 m.

Z.Target: Vardtjenn area.

Degscription: Vardtjenna grid. Earlier work: Mapping,EM,VLF,
mag, IP(limited) ,soilsampling.drilling. Massive sulfides
Zn-Cu-rich in N and E part of grid,extensive alteration
very positive geochem.

Suggested work: CP,drilling, (soilsampl.,VLF?).3 holes=350 n.

—

escription: Nonsvola grid. Earlier work: Mapping,EM,VLF,
mag,soilsampling,drilling. Extensive alteration,
positive geochem.,rich Z2n-Cu-impregnation.

Suggested work: IP?,drilling, (VLF,soilsampl?) .2 holes=220 m.

3.Target: Nonsvola.
D

4.Target: Tonnveola-Fadalen.

Description: Partly Tonnvola and Fadalen !I grids. Most
interesting area between grids. Farlier work: Mapping,
EM,VLF,mag,Apex,soilsampling,drilling. Weak py- and
al-cpy-impr.Possible extensive alteration and vicinity
to volcanic center.

Suggested work: Mapping,possibly followed by IP or drilling.

5.Target: Vangreftdalen-Langen.

Description: 8 grids. Earlier work: Mapping,EM,VLF,mag,soil-
sampling,¢<drilling. Possible vicinity to volcanic
center. Mine with Cu-mineralization (Fredrik IV>.

Suggeated work: Geaophysics,soilsampling,mapping, rock-
samples from mine {(analyzed for Au, Ni).

6:Target: Tunndalen,Vesleasen,Fadalen,Folla.

Deacription: New targets. Anomalies (geophys./geochem) and
possible vicinity to volcanic center.

Suggested work: Mapping given highest priority, followed bhy
soilsampling and geophysics (VLF?).




The ore was found to be of a rich impregnation type in quartz.

New investigations were done by Orkla Mining Company in
1953. This work included geophysics and more drilling.
Electromagnaetic measurements were done aver an area 4 km long
along strike of the known mineralized zone (1300 m south and
2700 m north of the deepest sink). A let of strong conductors
were found, of which the longer were found to he graphite
related. By comparing the geophysics with mapping done by Folldal
Verk A/S, this is confiirmed. Also most of the shorter and weaker
conductors can e seen to be situated within phyliite units in
the area. The ore zone appears as a weak conductor which can he
followed discontinuously for about &50 m along atrike.

Moatr of the material from the drilling is losat, hut same
disappointing analyses and profiles are left from the central
part of the ore. The beat section gave 0.5) % Cu and 1B.4 X S
over 3.5 m (Zn not analyzed).

Orkla Induatrier A/S was back 1n the area in 1974 and did
CP-measurements on the ore (NGU did the measurements). From this
measuremaents NGU found the areal extent of the ore to be 80000
+/- 30000 m2 (length x depth = 500+/-50 x 160+/-40 m). Some
random zamples from the dumps gave an average of 1.9 % Cu and
4.1 %.

Diamond <drilling were performed by Orkla Industrier A/S in
1975 to find the extent, thickneass and content of hasemetals in
the ore. 13 drillholes were drilled =such that they gave five
profiles at right angle of strike over a horisontal distance of
SO0 m.

The mineralization is reported to be a coarsegrained
impregnation in mostly quartz, albite and sericite (finegrained
muscovite). The important ore minerals are pyrite, sphalerite and
chalcopyrite, while galena is very subordinate.

From the drilling 1t can be seen that the mineralized
horizon strikes nearly constant N30oE and dips between 500 and
600 westwards.

The thickness of the orezone was reported to be between 1
and 2 m and assaying ca. 1% Cu and 3.5% Zn in the two central
profiles. The length of mineable ore was found to be about 250 m

total length at least 500 m, but wedging out in hoth ends). COne
hole (no.13) which hit only 0.2 m impregnation at about 135 m
depth along strike was supposed ta delimit the ore at depth. A
calculation then gave a total of less than 100000 t of ore.

Interpretation.

Aa will he shown, the ore is not at all delimited: Fig.3
shows a profile parallell to strike of the ore, where the content
aof 5§, Cu and partly Z2n have been plotted. The data in the profile
are from intersectiona in drillholes drilled ca.1920 and 1975. An
isopach-map has also been created (same profile,fig.4). Both
these figures indicates that the ore has a very distinct drag
spubthwards: Between DDH 10,12 and 13 from 1975 there is an open
gpace. Holes from 1920 give indications of a continuation of the
ore downwarda and southwards in this space., for example DDH B8
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from 1920 intersectas 1.60 m "kis" (not analyzed) at 158 m depth
along strike.

From the isopach-map the amount of possible ore down to
160 m depth along strike can be c¢alculated: Average thicknesas X
area of ore x specific weight = 1.4 m x 38400 m2 x 2.5 = 190000 t
of ore with content Cu + Zn > 3 X.

Fig.5 ia a profile perpendicular to strike of the ore at the
intargections of DDH 1, 2 and 3 (1975).

Geoalogy and mineralization.

The mineralized horizon is situated in a sedimentary and
tuffitic environment. The rocks are banded chlorite schists (rich
in carbonate), quartzofeldspathic scists (muscovite rich’) and
graphitic phyllites. Felsic and mafic volcanics are very
subordinate in this area.

The mineralization are found intercalated in a thick
saquence of mafic tuffite (chlorite aschists). Aa mentioned above
the mineralization is reported to be a coarsegrained impregnation
in moatly guartz, albite and sericite.

Judged from the drill logs (Lysholm 1976, Orkla report)
there seems to be no wall rock alteration in connection with the
mineralization. {(because the mineralized sections of the cores
probably are laost, this could not be checked, however). Instead
it seema to be an abrubt tranasition from greenschists to the
impregnated guartzrich rock.

Because of the impregnated nature of mineralization, lack of
wall rock alteration and also atringerzone, a distal deposition
off the sulfides ia auggested. The source might be found further
nerth in the area (see later?),

Recommendations: Drilling is strongly recommended to f£ind the
guality and extent of mineralirzation at depth. A suggestion is
Eirat to drill one hole to hit the ore zone at about 200 m depth
alaong strike below DDH 9,10-1975 and 8-1920 (see figs.3,4)

TE this turne out negative a new hole should be tried in the
game profile to about 100 m depth along strike. This to make sure
that the ore is delimited southwarda. If this hole also is
negative, one lasat hole should be tried to about 150 m depth
aleng strike below DDH 1,2,3-1975.

1f 2ither of the two first holes proves positive, a
drillhole splay of 3-4 heoles must be set 100150 m south of the
firet holes (i.e., in the vicinity of DDH 11,12-1975, but deeper}.
The results of this splay should give a firm basis for eventual
further work.




The Svartiaszen area.

This area is situated between the hills Bjerkfsen and
Svartasen, in the structurally upper part eof the Heraje Group,
4-5 km north of the Sivilvangen mine. The rocks in the area are
quartzkeratophyre, greenschists and partly graphitic phyllites.

Regional geophysics. (Airborne survey; mag,VLF,EM, map 1:50000)
A break in a long formational conductor shown to he graphite,
together with a magnetic low makes this area interesting. THe

break ia short (only 1 km! and might be related to hydrethermal
activity.

Regional geochemisgtryv. (Stream sediments-NGU report no.760,1968) .
Extremely high values for both Cu (<=335ppm), Zn (<=13Z23ppm) and
Pb {(<=40ppm> in the drainages from this area are in favour of a
larger sulfide deposit. In fact, the values are as high as those
which is found in the drainage from the Sivilvangen mine.

Earlier work.

The area is covered by the long Sivildalen grid (3000N-60C0ON)
established in connection with the N-81-1 project (see fig.2).
Work in this area includes geophysics (mag,VLF,CEM,Apex), soil-
gampling and mapping. Drilling was done 1in 1983 (5 holes), partly
with encouraging results (see later).

Gealoqy.

Az mentioned above, the ¢geology comprise quarzkeratophyre,
greenschists/-atonea and graphitic phyllites. In reality the
volecanics often are tuffites.

The geophysical data correlates rather good with geology: EM
outline the graphitic horizons very well, high magnetics are
measured over the greenschists and phyllites, while low magnetics
are found over felsic volcanics.

Conductors are not found in the keratophyre unit south of
S900N, 0 EW. This may point to proximity to a volcanic center.
But north of this peoint a lot of conductors are found in the
keratophyre. These are found teo be mostly related to graphite and
is therefore indicating a tuffitic origin in this area or perhaps
are the graphite separating different volcanic flows.

Repetition of rock units in the area is likely due to
isoclinal felding. The axis must then be relatively flatlying
(gently southward plunging 7).

Mineralzations.

Six small prospects with pyrite +/- sphalerite and chalcopyrite
are found between 3800N and 5600N, situated in felsic tuffite.
Pyrite disseminations can be seen throughout this area. Both
prospects and disseminations are mostly found on the eastern
flank cf the thick keratophyre unit along baseline. THe rocks in
the area are altered to quartz-sericite schists, partly chloritic
taccording to drill logs).

The richest mineralizations (to date) are found along a
graphite horizon extending from 4800N, OEW to at least S800N,
100E. Here rock assays from a prospect (5500N,50E gave 2.4 % Cu,
8.2 % 2n, 2.0 ¥ Pb. An even richer richer sample found 50 m north
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of this prospect gave 2.1 % Cu, 30.9 % Zn and 14.9 % Pb! Two
drillholes at 5600N along strike however, intersected only weak
mineralization (0.67 % Cu, 0.89 ¥ Zn, 0.47 % Pb) over 1 m. Two
other drillheoles in the southern continuation of this zone
(5200N) gave at best 10-15 % sphalerite (not analyzed®) over 2 m,
but weakening at depth. Thus it seems that this mineralized zone
i1is wedging out downwards.

Interesting pyrite-sphalerite-chalcopyrite mineralizations
are found in the area between 3900N-4500N and 0-100E. two

prozpects are also found. Little is known about this mineralized
area.

Az mentioned., the numerous graphitic zZones in the area are

easily picked up by geophysica. This makes it difficult to find
conductors related to sulfides. Geochemistry (soilsampling)

comnbined with geophysics, however, are outlining promising areas
(see later).

Magnetite ia found in a keratophyre unit between 3800N and
4400N, 200-250E, This coincicdes with a very high magnetic area
hetween 3600N and 4800N, 200-350E. This large magnetite horizon
probably reflects the distal oxidized part of the sulfide
deposit.

Recommendations.

The many positive indications of a larger mineralization demands
further work in the area:

a) Extremely anomalous soil in area still not properly
investigated.

) Extensive hydrothermal activity, as szhown by wallrock

alteration.

o) Sulfides, though mostly disseminated, are found over a large
area.

d) Magnetite horizon may he a distal part of a larger deposit.

Follow up:

1. The mineralized area 3%00-4500N, 0-100E should be
investigated. Soilsamples gives very strong Cu-Zn-Pb anonalies
in the area. Drilliing is recommended, but thorough mapping and
posaibly IP sheould he uvsed to find the hest drilling spots.

2. Correlation between geochemistry and ¢eophysics over a
keratophyre unit from 4800N,S500E to 6200N,800E makes this an
intereating target. Sparse pyrite disseminations are found and
one prospect are found at S5000N,460E. This was drilltested
1684 and gave 1030 ppm Zn over 0.5 m. The stronger soil
anomalies are however found further north (around 5800N).
Suggestions for wark are mapping and 1P to find possible
drilling spots.

The connection between the mineralized areas on the
Sivildalen grid.

There are two main mineralized areas on the Sivildalen grid,
namely Svartasen and Sivilvangen. The queation of connection
between these areas -5 km apart is of course of great interast.
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There are differencea between the mineralizations: 1) The
mineralization at Sivilvangen is situated in mafic tuffites,
while at Svartisen the mineralization are found in felsic rocks
of either tuffitie or veoleanic origin. 2) Extensive wallrock
alteration ia found in the Svartdsen area, but is lacking at
Sivilvangen. 3) The mineralization at Sivilvangen is consisting
of heavy impregnation in quartz, while at Svartasen massive
sections are found. Both mineralizations are very Zn-rich
however, and have Zn/Cu-ratio much greater than 1.

The abovementicned differences may probably be ascribed to
different depositional mechanisms and environments, especially if
the feeder area should be the gsane.

A worlking hypothesis:

The Sivilvangen mineralization might have been created when
a sulfide flow slided down a slope from the feeder area and came
to reat in a nearsited basin. this will explain the impregnated
nature of the mineralization, lack of alteration and the
tuffitic envicronment.

The Svartisen mineralization may then represent the part of
the same mineralization which was stabilized on top of the hill
and on the other side of the vent. The massive character of the
mineralization, extensive alteration and felsic environment
supporta this.

The Zn-1ich character of hoth mineralizations suggests that
the sulfides in them must have been crystallized rather late in
the sulfideforming processes, in other words relatively distal
from the feederzone.

A possible candidate for the feederzone 1s found between
2600-3000N and C¢-200E. This area is unfortuneately nearly
completely covered, but Folldal Verk A/S drilled there in 1970 on
the background of geophysies. Moast of the cores and the drill
logs are unfortunately lost. The pieces which remains however
(from DDH 179), shows a texture which resembles a stockwerk:

1-3 mm thick quartzveinas, partly sericitic with disseminated
pyrite and irregularly chlorite-sericite zones with disseminated
pyrrhotite and chalcopyrite makea up a network surrounding leas
altered guartzofeldspathic lenses of 0.1-2 cm size.

Also the analyzes from one of the drillholes (DDH 179) fits
the hypothesia of a feederzone in the area: 2.8 % Cu and 1.98 %
Zn gver 0.85 m, 1.e. Cu/Zn = 1.4. Analyzes of Au gave 829 pph
over the same section.

The implications of the above outlined working hypothesis 1is
that the Sivilvangen mineralization probably are not connected to
the Svartisen mineralization, even though both originated from
the same vent,

Recommendationsa.

A suggestion is to look for graded bedding and slumping
structurea when the new drillheles frem Sivilvangen are logged.
Such structuras are expected if the sulfides have flowed down a
glopa.

A new drillhole is suggested in the suspected feederzone
area, posgibly at 2700N,200W and angle 500E. This hole should be
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thoroughly investigated to reveal the nature of the mineral-
ization in this area. If this really is the feederzone then a
larger deposit in the Svartésen area seems more probable.

A thorough geological mapping is easential in the whole grid

(i1.e. ONS-6500N) to understand the structure of the
mineralizations and the connection between them.

The Vardtienn area

This area iz situated in the structurally lower part of the
Hersje volcanics, in a thick sequence of mixed felzic volcanics
and tuffites. Figure 6 shows the geology in the area taken from
Bjerkgard (1989).

Regional geophysics. (Dighem 1:20000).

A lot of strong and long conductors are wedging out into a high
raesistivity area. The magnetics are partly high. Fieldwork have
shown the conductoras to be graphitic. High and low magnetics
north of the conductive area correlates to greenstones and

felsic volcanics, respectively. Also a central zone within the
conductive area shows high resistivity/low magnetics and is shown
to correspond to felsic volecanice/tuffites and in the south a
gabbroic body.

Thick volecanic sequences, especially felsic, combined with
wedging-out of graphitic horizens indicates a volcanic center,
This i3 as mentioned bhefore a favourable place for massive
sulfide deposits.

Satellitic conductors in the northern part of the conductive
area 18 shown to coincide with graphitic zones and partly with
small =mulfide occurrences.

REegignal geochemistry. (Stream sediments-NGU report no.829,1969).
Cu - Anomalous in lower part of Vardtjennbekken and in
Raestesbekken (south of Vardtjennbekken).

Zn - Very high values in lower part of Vardtjennbekken (<=630ppm)

Slightly anomalous in Storbekken. Anomalies in upper part of
stream may be due to the Nonsveola mineralizations.

Pb - Very high values in Vardtjennbekken (30-33ppm),highest in
lower part.

The reason for higher values in the lower part of
Vardtjennbeltken may be due to a massive py-sl-cpy mineralization
found in the gtream (see later).

Earlier work.

One grid was established in the area in connection with the
N-81-1 project. The area was covered with geophysics (CEM,mag,VLF
and at some spots IP), soilsampling and also geologically mapped
(3005-2100N). Four drillholes were drilled on the basis of Cu-
anomalies in soil and geophysics in the southern part of the area
(ONS-500N). The results of the drilling were negative (graphite,
pyrite-pyrrhotite disseminations).

Geelogy.
The area covered by the grid is dominated by guartzkeratophyre
(volcaniec/tuffitic) in the northern part (500N-2100N) and a
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metagabbroic body south of 500N. Tuffitic greenschists are found
in eastern part of grid (mapped 3008-1100N,250E-450E). A lot of
trondhjemitic bodies are found in the keratophyre unit, often
assoclated with phyllitic and graphitic horizons. These horizons
show up very well on geophysics.

NB! 1t should be mentioned that this description is taken from
Bjerkgard (1989) and differs somewhat from the mapping done by
Folldal Verk A/S.

Mineralizations.

It is found nine small prospects in the area, one of them a
graphite prospect. Five of the prospects, which lies close to
bazeline, is situated in a quartz-sericite schist horizon. The
horizon, which is mapped between the two streams Storbekken and
Vardtjennbekken, makes out an antiformal structure and the
mineralizations are situated on the flanks of this structure (see
fig.6). Bjerkgard (1989) showed that the quartz-sericite achist
is hydrothermally altered quartzkeratophyre.

At 1700N/10W there 1s a very interesting massive pyrite-
sphalerite-chalcopyrite mineralization (massive ore found at
dump) ,lbut perhaps of limited thicknessa., The other mineralizations
in the altered horizon consists of disseninated pyrite and may be
distal facies to the massive mineralization.

The two mireralizations at 710N,90E and 810N,130E are of
little intereat, as they are consisting of disseminated sulfides
in quartz-sericite schist xenoliths in trondhjemite.

A 30 ¢m massive pyrite-sphalerite-chalcopyrite
mineralization is found in Vardtjennbekken at about 750N,S00E.
This is outside the area mapped by Folldal Verk A/S. The
mineralization has much in common with the deposit at the
Vingelen mine. It 1s situated in chlorite schists (tuffite) and
has the same delicate handing as the Vingelen deposit, hetween
py-cpy and sl-py bands. Another interesting moment is that pure
gold (size !1-60 microns’) is found in a 1 cm thick cpy-rich zone
in this mineralization (Bjerkgdrd 1989). Because of very limited
wallrock alteration a distal deposition 1s suggested (like the
Vingelen depoailt).

Even though there are problems concerning the numerous
graphitic rocks in the area, the richer mineralizations seems to
give weal hut rather distinct response on geophysics, especially
VLF. The massive mineralization at 1700N/19W has a corresponding
conductor which can be feollowed from 1400N,25E to 1900,100W and
probably 2200N,150W, Pyrite-sphalerite dissemination in sericite
achiat are found in the stream (Storbekken) at 2050N,100W and a
prospect with pyrite dissemination is found at 2090N,100W. The
conductar also coincides with the strike of the rocks.

The masaive mineralization at 750N,500E gives a very weak
response on the VLF, which can be followed from 700N,500E to
1000N,450E.

Also the horder between the pyrite-impregnated sericite
achist zone and the massive volcanogenic keratophyre east of it
can bhe seen on the VLF in the southern part,i.e. 800-1200N.
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Recommendations.

More work in this area 1s highly recommended. Extensive wallrock
alteration and massive asulfide horizons are found in the area and
demands to be followed up. The work should be concentrated on the
two massive mineralizations.

1. Mineralization at 1700N,10W,.

- The massive mineralization is only found at the dump. It should
he searched for. Trenching in the bottom of the existing hlast
pit seema the easiest way.

- CP should he tried if the massive part is found or perhaps

better in a drillhole intersection.

= Drilling is recommended through the whole gquartz sericite

horizon. This to find where the horizon is mineralized (both

flanks ?) A suggestion for drillspot is 1800N,120W (220 m to
drill’}, because VLF shows bhetter response northwards.

2. Mineralization at ca.750N,500E.

- Because of very good outcrop in stream, CP is recomnmended,

- One short drillhole (50 m ?) could be tried to outline extent
in depth.

An ancmaly from the Dighem survey is found at about
1470N,450E. This is along strike from the abovementioned
mineralization. It should probably he searched for by
soilsampling and VLF.
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Nonsvola.

The Nonsvola area 1s slituated in the Hersje volcanics, near the
contact to the Gula sediments. Fig.7 shows the geology in the
area, taken from Bjerkgard (1989,

Fegional geophysics (Dighem 1:20000).

The Dighem survey reveals two shorter satellitic conductors
immidiately south of a main formational conductor. Fieldwork
have shown these to be graphitic horizons. Generally low
magnetics and high resistivity in the area coincides with mainly
felsic volecanic and tuffitic rocks. Higher magnetics further east
coincides with a massive ¢gresnstone unit,

Regional gecochemigtry (Stream sediments-NGU report no.829,1969).
Slightly anomaleus Cu and Zn and anomalous Pb are found in the
streams draining the western slope of the mountain.

Earlier work.

One grid was established in the area 1n connection with the
N-81-1 project. The area waa covered with geophysics (CEM,maq),
soilsampling and also mapped, Five diamond drillholes gave
negative resultas. The area is also discussed in Cand.Scient.
thesis by Bjerkgard (1989,

Geology.

Quartzkeratophyre, both of velcanic and tuffitic origin dominates
the area, together with mixed mafic-felsic tuffites (see fi1g.7).
Subordinate are phyllitie and graphitie horizens, trondhjemite
and mafic tuflfites. Massive volcanic flowsshows that this area
must be close to a valcanic center.

Four small prospects are found near N1100,150E.
Mineralizations consists of pyrite, partly masaive with
subordinate pyrrhotite, sphalerite and chalcopyrite. The felsic
rocks in the area are extenaively altered to guartz-sericite
schista, in the prospects alaso to gquartz-chlorite rocks and
gquartzites. this implie= a high hydrothermal activity and a
posgsibility far a larger massive sulfide deposit.

One horizon of quartz-sericite schist extends from the three
westernmoat proszpects and southwards to 300N,B.L. This horizon
coincides with high Cu,2n,Pb values in the soll and also partly
with CEM. Py-al-¢py-po mineralization is found at 350N,B.L. where
the =201l values are highest. Another zone extends northwards from
the eastern prospect to about 1500N where pyrite mineralization
ig found. Soilsampling has not been done in this northern part of
the grid (1100-1500N) but the zone coincides with CEM. The two
zones may be connected hecause of isoclinal felding.

Reconmendations.

The Nonavola area should be investigated further. The proximity
to a volcanie center, high hydrothermal activity and very
positive base metal anromalies in soil makes the area still an
attractive target,

1. It is suggested that the activity is concentrated to the
two abovementioned hydrothermal zones (J300N,B.L-1100N,150E and
1100N,175E-1500N,175E) .

2. Because the mineralizations seems to be rich in sphalerite, an
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IP survey should first be tried on both zones. But graphite
may affect the measurements.

3. brilling is suggested to check the zone from 300N,B.L-
1100N,150E, perhaps at 5C0N,50W. The other zoneshould also be
drilled if IP turns out positive.

4. High Pb in soil 0-200N,250W coincides with another

hydrothermally altered zone. This zone extends southwards out

of the grid and sparse pyrite disseminations are found. The
grid should therefore be extendsed southwards and VLF and
sollsampling should be done (perhapsg also magnetics!, together
with geologic mapping.

The area Fidalen-Tonnvola.

The area 1s situated in the structurally higher part of the
Hersje volcanics, in this area dominated by greenschists and
quartzkeratophyre. Fig.8 shows the geology in the two grids in
the area.

Regional geophysics. (Airborne survey;EM,mag,VLF-map 1:50000).

A long formational conductor shown to be graphite is wedging out
northwards in this area. The magnetics is very low and
corresponds to felsic volcanics.

Regional geochemistry. (Stream sediments-NGU report no.829,1969).
Drainage from Tonnvola gives slightly anomalous Cu and Zn and
anomalous Pb. Drainage from Fidalen gives background values for
Cu, 2n and only =lightly anomalous Pb.

Earlier worlk.

The area comprise two grids from the N-81-1 project, Tonnvola and
Fadalen II. Both grids have been covered with geophysics
(CEM,mag,VLF), soilsampling and alsoc mapped. One drillhole in the
Tonnvola grid gave negative result (graphite with pyrite and
pyrrhotite impregnations).

Geology.

The rocks in the area are are dominantly quartzkeratophyre and
greenschists (see fig.8). Between the thick units of posaible
volcanic origin, there is a thick graphite horizon, wedging out
in the Tonnvela grid (the formational conductor on the airberne
survey). The graphite horizon shows that the greenschists and
keratophyre are belonging to two different volcanic epochs. the
graphite also shows a reducing environment, favourable for
sulfide deposition.

The thickness of the felsic volcanics increase northwards.
Thias taogether with wedging out of the graphite, makes a volecanic
center in the north possible.

Mineralizations.

Sulfides - dominantly pyrite disseminations with subordinate
amounta of sphalerite, chalcopyrite and galena is found in a thin
horizon of possibly altered quartzkeratophyre (sericite schist in
drillhele Tonnvola), in close contact to the graphitezone.

Roclks mapped as guartz-mica schilists and mica schists
imnidiately east of the sulfidezone, may represent hydrothermally
altered rocks {(guartz-sericite =chists) in connection with the
sulfides. ”




[f the mica schistas are representing altered rocks, then the
richest mineralization might be found between the two grids
(about 600 m between grids’). Indications are that a small
prospect on the Tonnvola grid (near 100N,400W) contain Zn,Cu,
while a mineralized outcrop on the Fadalen grid (1100N,175E) 1ia
rich on lead (Pb is usually the last element to drop out of
solutions), Some scattered high 2Zn, Pb and Cu-anomalies in soil
downdrainage from the supposed mineralization in the Fadalen
grid, are also positive indications.

Recommendations.

The possible vicinity to a volcanic center makes this area still

an attractive target.

1. The mica schistas should be investigated to find whether they
are hydrothermally altered quartzkeratophyre (= gquartz-

sericite achists +/- chlorite).

2. If altered rocka are found, then the area between the grids

should be mapped and soilsamples taken to outline anomalies.

3. IP could be tried, but the many graphitic zones in the area

would probably destroy the weak anomalies from sulfides.

Drilling is perhaps better at once.

4. If the mica schists does not represent altered volcanics, the

area should be dropped. Disseminated aulfides are nearly
always found in the vicinity of graphitic schists.

The area between Vangreftdalen and Langen.

Regional ¢geophysicsa.

From the geophysics the area between vangreftdalen and the lake
Langen looks very interesting: A lot of strong conductoers can bhe
seen weadging out into a low magnetic and high resistivity area
betweaen the lakes Stortjenna and Blestertjenna. As was pointed
out in the introduction, this combination may be representing a
volcanic center, which 18 a favourable site for massive sulfide
deposite. Fredrik IV'as mine is situated in this area and also
some small mineralizations (described later).

Regional Geochemiatry, (Stream sediments-NGU report no.829,1969
The stream storbekken which drains the lake Stortjenna, ia
ahowing high Cu-values. Zn and Pb are relatively low, but above
background. Anomalous Pb-values are obhserved in an area southwest
of Sterbekken (ca.l km along strike’.

Earlier worlk.

The area Djupsjeen-Langen-Vangreftdalen comprise eight grids from
the N-81-1 project: Djupsjeen, Grue, Nordervollen, HNyas,
Vangsasen 1 og 171, Skogli and Vangreftdalen. Fig.9 shows the
locations of the grida and geolegy in the area.

With exception of Nyas and Grue, the grids are covered with
geophysicas (VLF,CEM,mag’), =3o0ilsampling and also geclogically
mapped. The grids Ny&a and Grue have only partly been covered
with geophysice and soilsampling. Diamond drilling in the grids
Nordervollen (3 holes) and Djupsjeen (1 hole) have been negative.

Geology.

The weatern part ({rom Djupsjeen to Vangroftdalen) which comprise
the grids Djupsjeen, Nordervollen, Vangsésen II and
Vangreftdalen, are relatively well mapped. Greenstones
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(metabasalts?) and greenschists (metatuffites?’ are dominating
rocktypes. Subordinate are gabbroes, trondhjemites, phyllites and
guartzkeratophyre.

The eastern part of the area, covered by the grids Grue,
Nyas, Vangsasen I and Skogli, 1= only mapped in the vicinity of
the river Vangrefta. The rocks are greenschists, phyllites and
graphite.,

Mineralizations.

Some poor sulfide mineralizations can be found within the
greenschiste (grid Norderveollen). They seems to follow graphitic
zones within the schists., One exception ia perhaps a
mineralization found in a prespect in the Nordervollen grid at
2200N,25E. The mineralization 18 situated in micaschist, probably
guartz-gericite schist and has asaociated guartzite. If the mica
achist and quartzite are hydrothermally altered rocks, a larger
mineralization may be found at this place. A drillhole drilled 50
m southwest of the prospect intersected mineralized guartz-
chlorite echist with up te 1200 ppm Cu and 4000 ppm Zn.

A possible graphite-pyrrhotite horizon (VLF,CEM,mag-
anomaly) is wedging out eastwards in the grid Grue. Fredrik IV's
mine is situatecd in the continuation of this horizon along
atrike., This is a Cu-rich depoalt situated on tap of a
leucogabhbreoic body in close association with pale green phyllites
(Cuttle 1983), A series of NW-NNE fractures can be seen
mineralized with copper along with quartz-carbonate-tremolite-
assemblages (op.cit.,). Fuchsite is clogely associated with the
overlying phyllites {(op.cit.). The relation between the gabbroic
hady and mineralization 1s not certain. Nothing is known about
the grade of Cu or other elements in this deposit. It 1s possible
that the sulfides have been fractionated from the mafic melt
which created the gabbre - a socalled orthomagmatic deposit. 1f
this is so, one should expect high Ni-content.

Fecommendations.

More work are recommended in the area, but concentrated to the
eastern part, i.e. between Stortjenna and Blestertjenna. Little
is known about the area, hut regional geophysics are as mentioned
showing low magnetics and high resistivity. Also the enigmatic
mineralization at Fredrik IV's mine is found in this area.

1. The grids Grue and Nyds should be connected to cover the whole
area.

2. Mapping must be done to reveal the reason for the low
magnetics and hig resistity. Both felsic volcanics and intrusives
are possible candidates, also leucogabbreo (as on Gruvasen). It 1is
important to look for indications of hydrothermal activity.

2. The mineralization at Fredrik IV's mine should he thoroughly
investigated to find possible relation between the gabbro and
mineralization. Rock samples should be taken and analyzed for Ni,
Au and basemetals.

4. Soilsampling, VLF and magnetic measurements should be done 1in
the whole area.

In the Nordervollen grid teh prospect at 2Z00N,25E shouldbe
investigated to find i1f the micaschilists and quartzites are a
result of hydrothermal activity. If this is the case, drilling 1is
recommended, after thorough structural measurements to £find
cdirection of aeventual fold axis.

16



il

70 ®i1eme aq 3ng) burrduwesyros Agq paistsse buiddey -sapiryTns
03 pejeTal aq Arw SBTITRUOUEB-[I ay], 'suoTilebTisasur yirlos e3IR 843
Sa)BW J23USD OTUEBDTOA ® 03 A3Twixold a[qlssod fsUCl3EpUBUEOODY

‘BaIR 2yl 231vuTwop o3} swasas aJAydoieiay
pue sastyosuaalb jJo sytun yotyl "bButddew jeuorThHaa yitm
uotioauuos ut peaddew Arreroriradns Axaa ATuo =1 Eale ayg

‘Bauantiut pey aaey A=u

pue I8AaTa ay3l ut abeuteapdn punoj 28I UOTIRZTIEISUTW UISEIIRAL

-uasgiielg ay3y Agq pesned saniea-n) ybiy Azap -pezeasadasiuy

ATrsea j0u @21e 3ng ‘SaTTRWOUR ayl woll IHEUTRIPUMOP BRI I3ATI aYld
UT SJjuUaWIpSss 8Y3} Ul PUNOCI 2I1¢ UZ PUE N SNOTRUOUE 1BYMBWOSG

*I007J AaTTea Byl3l UT PUNOJ DIV FI0OIDNPUDD

Hhuoazs 3ng 3roys bHurisaasjur |BWOL "mM07T @8dr B8arR a2yl ut soT3aubew

BYL B4 IaaTa a2yl JO YInos pur Yidou Wy g1 Inogew SIA03DNPUOD
TeuoTiewloI HuoT uT Sxesalq Durmoys &1 A2AIns auioqiTe ayl

‘o1 bty ses ‘dnoixn pbAqgsTeq Hutdlasapun AT{RInloniis ayly
01 Jspiloq a8yl aesu dnoin elsisy 2yl ut pajenils =21 eale =TY]

(Al 6T9T-uaboxsaudta) 188ysdew/gL0S858 WL PuUnole)
TueTepvd

‘paiIaacd ATTAESY ST Baie ayl 11 Alieroadsa ‘butddew

2ay3 1sT1sse Aew HBurtTdwesTros pue J7IA ‘UOTIERISATE HO0ATlesm JO
SUfTE UITM SOTUEBDTOA DISTaJ 3I0J HOOTT "Eale TRWOUE S1Yl JO 8Inieu
8yl PuUII 03 Bal1e a8yl ut 2uocp aq prnoys burddey fsUCTIEpUSAUWODSY

‘E@IER @Yyl SUTEIp YOTYM SWUeaIls ayl
Ul puncji 8/IP sSJUBWIPES (uUZ‘n)) snojewmour Ajjybrig -ea21e orisubew
MOT B UT Pa3leni3Ts ST J01DNpuon ay] ‘sEpiesyiiou 3no sabpss yotym

I010NpUOD TeEUOTIBWIOI HuoT B HBuTmoys aie Laains auloqIie ayl

"PTID uSTEPITATS Byl UT (JOOL'S00SZ PU® F00L'S00£Z) eai1e ayl
Jo asea AT231eTpTWwWT puncoy 3aie sjnadsoad aitiouradd Trruws om]

‘01613
eas ‘ptab uatepiIaTg DBuoT @8yl JO Yanos pue 3sem ATEIBTPTWUWT
‘dnoayn eTny Yl 01 IBPIOG 2JY3 13U pIRienits 1 esle SI1Y]

(Al B6IQT-TBPATY I@@ysdew/gRaeses WL PuUnole)
“egie ussgatEe) ayl

‘butddew sya 31sTSSE pInNOYs J'IA pue bBuirpdwesiiog "sSatlrRwuoUR
1037 s@gned puti o3 paddew ag prnoys e8Ir 8] FUOL3EpUsIWWODSY

*(B96T 090U 330daa NON - SIUBWIDIS WeIILS) SENTeA
add PU®B nNO snoTewouer s2Aa70 JoATa Ayl 3O yinow abeutea(

*£A3TATI0® DTURDTOA JO oTiewoldwds 81 8Tyl "e8IE BYJ UT MOT
ogTe 2a¢ sotiaubew ayl “Q1°'PTF 2@s 'BTT0J JIBATI 8Y3 JO yilIou w
o0z ancge bButaesddestp sT dnoag pbAgsrTeqg burdAiaepun Afieanionagse
|yl o031 Jspicqg Jeau (AsalIns AUINGITE) J1031onpucd-pg buor

¥ 'p1ab Aue Ag pe2aeacc jcou st dnoab eleaey 2yl ut eade STUL

“(II1 619T1~-TepAalY looUsdew,;48L0G6 WLN PUNOJE)
1104 d9ATd I4a 3JO LINOs pue (3iJdou eaie oay]




cultural activity) and VLF seems adequate to reveal the nature of
the anomalies.

Tunndalen area.

Three singular, relatively strong EM-anemalies from the
airborne survey, are found north of the Tonnvola grid, see
fig.10. These have coordinates: UTM 872129, 888139 and 889143
{(mapsheet Kvikneskogen - 1619 IV).

Judged from geological map, the first one is situated on the
westernside of a thick keratophyre unit, while the other two are
situated on the eastern border of the same unit.

Recommendations: The area should be mapped to find the nature of
these anomalies. If the area is heavily covered, VLF and soil-
sanmpling should be used. The position near the borders of the
keratophyre unit and possible proximity to volcanic center (same
as the Tonnvola-Fadalen area) makes these anomalies interesting
targets.
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The main material behind this report have been the data from
the Folldal project. This includes regional geophysics and ground
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drill logs).

From the Sivilvangen mine area, data and reports from Orkla

Industrier A/5 have been used, which includes drillheole data and
geophysics.
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